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ooreccriyEiY heating a ovftehmmzm-i oil shws 'xa 

CXEftTE PERMEABILITY ANO SS1K3BCUVVOA' PSOECCB OIL 

ih.is invention r<ala±ea to ie,Tow.Hng oil fxom a subterranean 
oil filial*! by mean* r>f a ccivSuctivf heat drive process?, ivtore 
particularly , tha invention relates to treating a relatively thick f 
ana substantially completely inperneable suJatorrimcan oil shale by 
ntsans of a. conductive boating aroiiaen which both creates a 
pemaajblfi zone wittain a elected portion of tha oi I shale and 
suheequeivtly produoes Bhale oil liySrocarbans. 

A pflTroabilif.y-aJ.d3d type trf conductive heat drive for 
producing oil from a albterranean oil shale was invented in Sweden 
by F.L^ingstruein. That p»w«33 , which was invented aboot <»0 years 
ago, was camarcially need on a sroll scale in the 19Mls. It is 
described in Swedish Patents No*. 121,737) 123,136: 123, 137; 
123,138; 125,712 and 126,674, in united Btatae Patent No. 
2,732,195, and in noomai articles such as: "Qndergroond Shale Oil 
Pyrolysis According to the Ljvmgstroam Matbod", iva \felun» ?.& 
(i?53) No. 3, pagas 119 to 123, and "Net JSnsrgy Recoveries Foe the 
in Situ dielectric Heating of Oil Shale", Oil Shale Synposiua 
Proceedings 11, pa^e 111 to 330 (1978). In the 9»«diah praoasa, 
Ivaat injection walls and fluid producing walls were oanpleted 
within a permeable near-surface oil ahale formation so that tJtero 
was loss than a three-metre separation bets»an the boretolea. lha 
iisat injection wells ware ecjuipped with electrical or otter heating 
olaionts Which tmre airrrnuiidsd by a rass of material, such as send 
or raaraent, arranged to txansait haat into tha oil shale while 
preventing any inflowing cr outflowing oi fluid. In tha oil ahale 
for which the Swedish process was designed «e*S tested, the 
parraeabiJ„ity was such that, due to a eaatinoouH inflowing of ground 
«rter, * continuous patping-oal of water vans needed to avoid 
wasting energy by evaporating that water. 

With respect tn aubfitasitially conpletely Unsartneiibla, 
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relatively cfcap and jrelatively thick oil cliaie deposits, such us 
thos« vn die Pioeance Iia/un in the Unites statou. the pnswMlity 
t>£- utilizing a conductive heating piooasn for prodoeioq oil was 
previously oonsideriM to be — according to prior fccaehirajH and 
beliefs — a-i-monicaU? unfeasible. For uxanpla, in the 
above-identified Oil Stale Sytuponlum, the Ljurvj»t--roem process is 
characterized cm n proaes* whit* success! ally reacwRrnxL >;haic 
oil by Kiteddinq tubular electricial heating elements within 
high-cfraxfe shale deposits. This method rsliad on ordinaxy thanra.1 
diffusion tor shale batitirig, which, of. OOUree, requires largu 
■tfsiperaMiro gradients. 'Plius, heating was very nun -uniform; months 
wore required to fully retort small mora- si za blocks of ahale. 
Also, jolic)i heat energy was wasted .in imderhi!at±Txj the c-hale regie™ 
b«yoarl the periphery of tiio ietm+,jpg zone and cverheauing the 
shale cloaeat to the heat aanrce. The. latter problem in especially 
important in the c-ase of Western shales , ainoe thenml wnvqy in 
overhuarbad zones, cannot bs fully recovered by diffusion duo to 
cudothoitnic reaction? which take place abovsa about 600 "C. " ipxja 
313) . 

In substantially impermeable types of TBlafcively thick 
eulrtferxanean oil shale farma ticca, thd ci-eating and maintaining of 
a pcjanciibixj txias through which the pyrolysis prntlucta can be flowed 
lias been found to baa severe problem. In uft Patent No. 3,468,376, 
it is fltatpd (in wis. 1 and 2) that. "There are two jncchanlsrs 
involved in the transport of lieat through the oil ahale. Heat is 
transferred through the solid ansa of oil ahaie by conduction. m» 
heat is nlaa transferred by oanveefcinn tlurough the solid rasa of 
oil Rhale. rhe transier of hwt by conduction ia a relatively alow 
procwMs. The avBraga thermal oandoctivity and average thermal 
diff nsivity of oil shade are aJwut those of a firebrick. The matrix 
of anijd oil shale has an extrcoBly low earxeabiUty much lite 
unglated paroiaaln. as & rewilt, the ccovcctiv* transfer of heat ic 
limited to heating by fluid flown obtained in open channels which 
traverse the nil stole, 'fbeao flow channels my b» natural and 
artificially induced fractured. ... On heating, a layer of 
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pyrulyzed oil shale builds adj (scent the channel. This layer Is an 
iixirganic mineral matrix which oontxiiui varying ctagroes of cnrtco. 
iliie layer is an ever-expanding harrier to lieat flew from the 
heating fluid in the charmal." The patent ie directed to a prooeBB 
for circulating heated oil rfjala-pyrol.yzing fluid through a flow 
chanr*] while Adding abrasive particles t» the circulating fluid to 
erode the layer of pyroiyzed oil shale being formed adjacent to tlio 
channel. 

Although th» thermal conductivity and thomil diffusivlty of 
nony subterranean oil shales are, in fact, relatively awrcttaT to 
those of unglajed porcelain and firebrick, US Patent No 3,237,689 
poatMLatos that "a rapid advance of a iiaat front" {Col. 3, lina 7) 
can fan obtained by exxrhangiT5g haat between the oil shale and. a 
nuclear reactor cooling fluid and describes systems for wing such 
reactors either located an the earth 'h sux-faca or In tlie oil anain 
deposit. 

"S Pataot No. 3,2M,2B1 saye (at Ool. 1, lines 3-21), "The 
production of oil fxom oil shale, by haating the shale ny various 
maani» guch as ... an electrical reaiatance heater . . . hae been 
Attetrpted with little sucobot. , . . Fracturing of the sh&la oil 
prior to the application of heat thereto by in situ contoustiam ox 
other means has been practised witli littia success because the 
shale swells upon lieating with consequent partial, or complete 
closure of the fractura". The patent describes a proceae of 
sequentially heating {and thus swelling) the oil shale, then 
injecting fluid to hydraulieally fracture the e&ollen shale, then 
repaat.Tj'jg tii03e trtepa until a hsat-stabla fracture has been 
propagated into a production wall, 

US Patent No. 3,455,383 describee the accumulation of 
partially depleted oil ahale fxagmcsats within a flow channel such 
as & horizontal fracturo being held open by the. pressure of the 
fluid within the chemcl. The patent discloses that if the channel 
roof is liftod to maintain a flow path above soon a layer of 
depleted chela, -bbe overlying fonunticcia nuat ha bent and, without 
pi-ecautions, will bend to an extent ceuein? fractures to extend up 
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to tha surface of tha earth. lYic patent io dinjcwd to a prooe** of 
ltrt£nnittani Jy rodUoiiKj the pressure cm the fluid within such an 
fracture to alio* the wight o£ the overteirdcn to orush and compact 
the layer of depleted ahale. 

Tn a siynificamt portion of sttootantiaJJy inperaenble aivj 
relatively thick oil ehal* deposits, such aa those in the Picaancc 
Haain, a valuable resouroa of alimmuan is present in the lortn or 
dawsanioa. In OS Patent No. 3,3OT, 97S, directed to reccvorijuj 
aluminium value* from retorted oil ahalaa which have baan mined out 
fxon such deposits, it is painted oat that, in a substantial 
absence of water, at tatn«ratures of about 1300 «P the dawtcnite is 
oonvortad to crystalline sodium alurcinato. Such a water- free 
retorting can datxnposs dolomite in the shale, to produce carbon 
dioxide, calcite, and nmgnsstum oxidu so that nagneaium oxida 
confainaa with part of the silicon dioxide in tha sliale, in a maraar 
permitting a higher rooovttry of the aluminium valuaa by a loa^MriQ- 
process. US Patent No. 3,502,372, directed to utilizing solution 
mining to recover daw eo nifae, indioataa that whare the vyrolynta ig 
erfieebed by an aquauua fluid, such aa steam or the products of 
underground cctrfcustlon, it met be conducted at a low tenperaturii 
and thus relatively slowly, to avoid converting tlie dawsoni ta and 
othac soluble alartiiniua o ca yo a nds to an insoluble matczlAl such aa 
analcite. In 03 patent Sj. 3,572,838. a similar relatively low 
teopesratura pyrolyRds la alternated with injections of an aqueous 
aUsaline fluid containing an acid- insoluble chelating agent to aid 
in Iwichirag daveonite witJiout tenrdng such ineoluhla materials. 

Hh» present invention relates to a prcce a a foe conductively 
Ixeating a subterranean oil shale toraation in a irannar arranged fior 
traducing oil from a nibberranean oil shale formation which ia, 
initially, ™bstantially inpenwable. m accordance with this 
iiwsntixxi, 'the portion of oil shale deposit to ba treated ie 
selected, on tha basia of the variations with depth in tha 
enmpcaition an ijeopertiee of its ooqponenta, to have properties 
capable of interacting in a nanncr which enhance* ths tmifbraity of 
the heat fronts to an extent limiting tha tine and energy 
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oxpeaditures producing tha oil to values equivalent to less than 

the value of tlia oil which is produced. Tho selection of the 

treatment interval 1b baeed oa tha grade and thickness of tha 

portion of oil ohale deposit to be treated and the enhancement it 

provides amounts to reducing the amount ot heat energy lost due to 

exothermic side reactions and incraaaing the amount of oil 

recovered from a givan grade of oil shale. 

in accordance with this invention at least two wall a are 

completed Into a subterranean all aba He treatment interval which 

ia substantially impermeable, contains substantially no Mobile 

water, is at least about 30 m thick, ia capable of confining fluid 

at process pressure, at leant aubatantially within the treatment 

interval, and contains a grade and. thickness of oil stale such 

that the average grade in gallon* of oil plus gas equivalent par 

ton by Fisoher Assay ia at leaac about 10 and the product of the 

grade times the thickness in net re* of the oil sh.*l« is *t least 

about 300. 

Thus, the present invention provide* in a process in 
which oil is produced froa a subterranean oil shale deposit by 
extending *t least one each of heat-injecting and fluid-producing 
veils into the deposit, establishing a heat-conductive fluid" 
lmperraetbie barrier between the interior of ea.cn heat- injecting 
well and the adjacent deposit, and then heating th« Interior of 
each heat- In) acting xell at a testp-eratuxe sufficient to 
conductive ly heat oil shale kerogan and cause pyrolvais products 
to tors fractures within the oil shale deposit through which the 
pyrolyais products are displaced into at least one product-ioa 
wall, an iaproveaent for enhancing the uniformity of tha beat 
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fronts moving through the oil shale deposit, which comprises r 

determining variation* with depth in the coapoaition and 

properties of the All shale deposit; 

completing said heat-injac-ting And iluid-pxoducing veils 
selectively into a treatment interval of oil shale In which 
the oil shale deposit (a) la at least stout 30 m thick, {to) 
la substantially impermeable and free of mobile water, 
(«) hae « coapositioa and thlcltneas such that the product of 
the aveiaq* fischer Assay grade times the thickness of the 
treatment interval la at least about 900, and <d) thereby 
contains eonponenta capable of interacting in a maimer 
enhancing the uniformity of a front of conductively 
transmitted heat, with said wella being arranged so that, 
at least substantially throughout said treatment Interval, 
the veil boreholes are substantially parallel and are 
separated by substantially equal distances of at least 
about 4 mi and 

within tbe interior of each heat-injecting well maintaining 
an average temperature which, selectively along said 
treatment interval. Is at least about 6 0Q°C, but la not 
high enough to thermally damage equipment within the well, 
while heat la being transmitted away from the wall at a 
rate not significantly faster than that permitted by the 
thermal conductivities of the earth formations adjacent to 
the heatad interval within tbe well. 

In a location in which a subterranean oil shale nay 
contain portions vbicb axe generally suitable for us« as a 
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treatment interval (as described above) but are apt to be 
permeated by substantial iy disconnected natural fractures and/ or 
planes of weakness as wall as being located near boundaries of the 
oil recovery pattern and/or near a potentially active aquifer, the 
operation 6* the pre»«nt process can advantageously be combined 
with a use of "guard ualls" located near the periphery of the oil 
recovery pattern and/or between a production well and an aquifer. 
Such guard well* ere extended at least substantially throughout 
the vertical extent of the treatment Intervals and the adjacent 
formation* are initially heated by thermal conduction la a oanner 
similar to that eaployed in the heat-injecting wells, except that 
the guard wells are heated, at temperature a which are too low to 
gasify significant proportion of the oil shale organic components 
but are high enough to cause a significant thermal expanaion of 
the rock matrix of the oil shale deposit. 

in some Instances, it may be desirable to maintain such 

a 




1.288043 

- 6 - 

relatively lew tenpetatnre guard well treating throughout at: least a 
substantial portion of tha shale oil riitwery ptccrsh. In other 
-instanoBB, aftor an initial re.1ati.V0ly low tecqperature heating of 
tha guard veLLs, it my )y£ advantageous to heat guard at 
5 about the tenperature selected for the treat-injecting wells, in 

order to expand the pattern of walla from which oiJ is displaced by 
Lheanal oondunticn. 

as used heroin regarding tha grade of the portion of oil 6lwle 
to be treated, the "average grade in gallons per ten by Fischer 

to Assay" refers to the following; tita datei-adnation is or in 

equivalent to a datamixiatinn conducted substantially an described 
in tha ASTO Standard Twst Method I] 3904-90. Crushed raw ahala in 
sampled by riffle-splitting. Use deteranination of tho amount o£ oil 
plus gas equivalent available* • from oil shale is made by heating tin 

IS raw shale from ambient Cenperaturc to 500 "C in cast aiuwvivro- 

alloy retorts. "She vapours distilled from tte sawpl* are cooled arcs 
tha condensed fraction is collaefarai, Thg oil and water fractions 
ara separated, the water voluoa joonottrted to weight equivalent) Is 
measured and subtracted (Trcm the oil plus water waigbt, 'Che weight 

20 of uncandonsafalA gases evolved (gas-plus- loss) is then calculated 
by difference, lbs grade, as used in tbe "grade timss thickness in 
metre* of oil shale" product, ia tha gallons of oil plus 
Itydrecarbon gas equivalent corresponding to the total M*iqht iif nil 
plus hydrocarbon gas evolved by the hating. 

25 The veils ate ocrnpleted into tim treatment interval and aw 

arranged to provide at least one each of heat-injeetins 31111 t'luid- 
proiucing walla having toreholos which, substantially throughout 
the treatment interval, are substantially parallel and are 
separated by substantially equal diatancss of at. least about 6 m. 

30 In each 1 not-injecting ««11, substantially throughout tbe treatment 
interval, tho well -s ucxaandirtg face of the oil shale f bmut ion it 
sealed vith a solid raterial and/or canent which is relatively baat 
oandn=ti\-e and substantially fluid iraperBssble.. Xn each fluid- 
producing wall, substantially throughout tho traatsent interval, 

is fluid oanaonicafcicn is «flb«blisbed botuoon the well borehole end 
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tins oil *hale formation an J Vw weii. is arranged lor pjwlucirwj 
fluid ±i-cai tha oil shale farraatitai. The interior of each 
hoftt-inj acting is heated, at leant substantially thEC.ighcut 

(lie trcbtinait interval, at a rate or rates capable of (a) 
increasing the temperature within the boreholfc interior to at least 
abwt 600 "C and fb) maintaining a borehole interior tsn^eratwre of 
□t least about 600 °C without causing it to beccma high enough tn 
thermally damage oqaipeneut within tha borehole vhil« the rate at 
which hoat i& generated in the borehole ia &ub«tmti>a3 ly equal to 
that permitted by tha baat ccnvluctivity of the oil bhala fonnition. 

In a preferred aitediaent of the present process, the. atvbarial 
for ac*liny thy f ace of the oil shalu tarnation along the- borehole 
of at least ona heat-injecting well ia a closed bottm rasing 
grotite<S by ocsmaat arranged to fill substantially all iif tha spaiu 
bataraam each outermost nutallic elewecrt present within the interior 
of ths borehole and the adjacent face of tha oil shale forimtian, 
with said cement having a tternal conductivity at luast 
substantially as high as that of tha oil shala formation. 

Detetmnatians ant nude of variation? with dopth ill tha 
carpositicn and propartlaa of the oil shale deposit and, in a 
Particularly preferred prcccdura, based on the variation with depth 
in tlw heat conductivity of tha oil shale deposit, tha heat- 
in; jeefcing wells axe Ideated so that relatively higher Ceaperaturos 
are applied art dgpths adjacent to portions of tha oil shale deposit 
in vouch tha haat conductivity is relatively loir. In addition, or 
alternatively, in various situations, tha effective radius of at 
least one heart-injecting well is increased by creating an expanded 
portion of the well barohole nod extending haat-coodncttng metal 
e]fimervt3 from within that heated well Interior to near tha wall of 
tha expanded portion of tha borehole. 

tha present process is valuable for use within a treatment 
interval of oil ghau> which contains other valuable idnerala such as 
dawsoniee and/or nabcolita. in such a situation the preaaort ueooass 
croates a perxceblo tcca which ia selectively located, withla die 
treatment interval and substantially within the horadarics of tha 



- a - 

well pal'tom usad .for the oil production. The resultant pcrwoabla 
znne is a zcqq£ from which such other minerals can be anlinii on- 
mined,. 

In general, the present invention is applicable to 
substantially any subttsrranaan oil nha1# deposit cmtaining .m 
interval of BiibatanH ally lufjexmaabls oil shala which is 
substantially frco of mobile vavsl, is iruro than afcrait 30 ra thi.e*, 
and has an adequate averaqn grade in gallons per tixi (Fischer 
Assay) -bo give a grado-thickr-fira product of about 900 or greater . 
The average grade of the heated Interval should be greatea: tlian 
•about 10 gallons- par tan (Fischer Assay) . Within than limxaticns* 
a higher grade- thickness product is increasingly desirable if other 
conditions such a? depth mtftin tiiH sane. 

Uv; invention vfill new be explained in greater detail with, 
reference to the acoceqsmying drawings, in which: 

Figure 1 shows a plot of relative rate of return tKR] for 1982 
US dollar* invested in installing and operating the proco&fi of the 
present inve nti o n , as a function, of oil shale grade- thickne35 
[Gxnn product, to produce shale oil at ita 1982 value. 

Figure 2 illustrates a plot of thsrmal profiles at an 
observation well regarding tercperaturea measured at. different 
depths (Dl and times within that wall. 

Figure 3 is a plot of the radial thsrmal profiles at the 
middle n£ a heated rone altar different tinea of heating. 

F'iguro 4 ia a plot of thermal condhictivi tie* parallel and 
perpendicular to the tedding planes of an oil shale as a function 
of tcopcrature . 

Figure 5 is a graph of Fischer Assay yield with depth (D) in 
and abevo a hasted paction of subGerrs&san oil shade. 

figures 6 anJ 7 axe plots of horizontal and vortical 
tenpacature profiles within a heated portion of. sfcberranaan oil 
£]^ale fexnation. 

Figure 8 ie a echeaatia illustration u£ a portion of a tosll 
coop lotion arrange* wit sol table for practising the present 
invention. 



wit pattern ustsd .tear the oil piojuctioo. Thn resultant pcnnoahle 
zone i.s. a ioivj fron which snt*i otJier mineral* can ha aal.nf.iom- 
mined. 

In general, the present invention U applicable to 
5 substantially any subterr an ean nil <ihal» deposit cmtaining .m 
intervftl of BUbntanHally iiqp&xmfeable oil sha]« which is 
substantially freo of nubile »safcer;, la irurc than about 30 tu thick, 
and has an adequate average grade tn gallons per tin (Finrtfier 
Assay) to give a grao^thickneiw product, of about 900 or greater. 
10 The average grade of the heated Interval should he qreatci" than 

about 10 gallon* pur ton (Fischer Assay) . within thasa limitations, 
a higher q iradc- thickness product i.» increasingly desirable if other 
ocnditlrrw sunti »s depth ramin tbu sane. 

Tlv; invitation trill ivm be explained in greater detail with 
(5 -ireferrrx"e to the aocc op anying drawings , in which: 

Fierce i shows a plot of rol»tiv« rate of return (BR) fur 1982 
US dollars invested in installing and operating the process of tbu 
present invention, as a function of oil shale gr-ade-thictacas 
(GxTII] product, to produce dials oil at it» 1982 value, 
20 Figure 2 illustrate a plot ot thsrnal profiles at an 

observation well regarding teitperaturea measured at different 
depths (D) and tiiwe within that wall. 

Figure 3 is a plot of the radial thamal profiles at the 
niie?Hle of a heated rone altar dif ferenrt tinea of heating. 
23 Figure 4 is a plot of thenml conductivities parallel and 

perpendicular to the bedding planes of an oiJ shale as a function 
of t e ap era ture. 

Figure 5 is a graph of Fischer Aaaay yield with dspth (d) in 
am} abovo a hasted portion of subterranean oil shale. 

30 F icjuree 6 and 7 axe plot* of horizontal and vertical 
tenpacAture profiles within & heated portion of subterranean oil 
shale fbznatton. 

Figure 8 ie a ecbewtic illustration u£ a portion of a »Kl X 
ccopletion arrangement roi table for practising the preaont 

31 invention. 
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tax sand, Ij^rngstrosra teaclws that tha in «itu heating and 
pyrolyviing should bo dona in a portion of tin* iapanwable formation 
which is vertically oontiguoua to a well-lntuxoucracfcinq fracture 
ur * layer which hae different geological character and ia 
5 permeabLe to flow of the fluid urodui:t» of the heating car 
pyialy.i.is. 

Contrary to tJve implications of such prior teachings aurt 
beliefs, Applicants diacovortid that, the presently described 
cinriuctive hosting process is economically feasible for use in a 
10 substantially ircpermeable aubtexranaon oil da]«. This is nut 

obvious, particularly in vie* of the £act that tha present, process 
uses a audi larqsr well syacijTrj than that used in the Swedl<3h 
piocs^s and tha presnrt prccesfi is ecodncted by heating tha 
injection veils to tenperatures of at least about GOO "C toltbaogh 

15 600 *C lias bean said to Ixi conducive to an (ieonatrocaity untenable, 
hj&at-wa.«ing, encbthezmic reaction^ see the oil Shatltr gynposaum 
Prcx^edings mentioned above) , 

By means of laboratory and field t«*t masurementa and 
mathematical models of the present process, applicant* have found 

20 Uiat whan tba valla ara spaced, completed, and oparatsd as 
presently <te scribed, the only region in which heat energy is 
utilized in an endottarmic reaction amounts to leas than about 1% 
of tha area to be heated, and tha energy lost in that fashion is 
insignificant* Applicants have uned&urad the rate at which 

25 substantially iinpanoaabla oil shale formations ara tea ted Jjy 

conductivity, and have deterBtinad tha ascuot of host required for 
pyrolytiiig ksrogen and thermally israsstsristing the pyrolysis 
products to pressures oapabla of fracturing a relatively deep oil 
vha-im farntttion and thermally displacing pycolysis prodnctn through 

.30 tha ao-^reated perxeability, 

tba data obtained by such neasoseaenta in the field and in the 
laboratory hot* bean employed in calculations nf power rocjulro- 
manta, ocamanics, tima to start production, project duration, 
amount of productioa, in satheoatical simulation* that 

J3 correlate with the field and laboratory data and indicate the 
cnagnitixies of such factors in respect to a full seals pmcnssi. 
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Those calculations indicate that tha presently defined process is 
tba only shale oil. production jaxcews of whf.ch ciwlicantn arc canare 
which is capable of eccxrcsra.ca.lly obtaining oil freni a relatively 
low grade oil shale formation, soch as on* in which the Fischer 
Assay i a only 15 gallon* or less per ton. Tha b capability can 
"incrcasa tha petroleum newrves of a significant proportion or the 
oil stele land* by a factor of six. in addition, with respect to 
processes for v(vder<jxou]id mining and audi tied in situ retort jJKj ol 
oil shaJe, the present process significantly ijv:reAsei> the anounfc 
of available rezourcuii by eliminating the n&xl for suppocrt jiillars 
and iutoxburdan betwiicn mining zctwb and. by providing a neons fiur 
treating substantially all or a very thick tarerv&l of oil shale. 

Tha present process can advantagoouuly be Applied to an oil 
nhate fojmatiori in which there is significant crmaentxation o£ a 
mineral such 38 garoonlba or nalMOlite. In such a formation the 
prooBiw provideu « perroeabla zone from which such a mineral can be 
recovered, in addition, the present procass is particularly 
advantansani in converting davsonite to water-soluble caoanpounda of 
alurttiniiiTi (probably rho-aluniiai) which have beat {both chemically 
and phyeicalLy) rade available fox solution-mining to produce the 
aluiujuimi — an essential material which is in short nupply vitiiin 
the United States. In contrast to many previously proponed 
procesaos, tha process of the present invention requires sub- 
stantially ix3 Mrtsr, involves miiMjal lard disruption, and ran ba 
conducted with minimal afcrospharic pollution. 

Figure 1 show* the ralortive rate of return for 1982 US dollars, 
invosoad in installing and operating the pr e se nt process in field 
afpli cations that have boon ma-thamaticaHy nodaliled from data 
ab taints by field and laboratory anajwreiuerits. 
W/iMELE 1 

}y saris* cd injection and production walls j •> drilled into an 
oil shale formation 4B a in thickness with 120 n of overburden. Tha 
average, oil grade of the interval is 20 gallon* per ton as deter- 
mined by Fischer Asuay. 

Tins well pattazn is a seven-spot with each heat injector at 
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tha comer, of a regular hexagon surrounding a control pi-educing, 
wall. Ttm spacing is 22.5 ia between producers and ijijectora. The 
pattto.cn reports vrith producers sharing tha injectrir* in each 
direction and oontimtas to torn a eield-wida pattern capable of 
5 producing a lacja quantity of oil. The iniector-trj-prnducnr ratio 
approaches 2 to 1 La a Large ii*J<3. Tn Escanpla 1 the total oil 
production is 29,000 barraia par day throughojt tie lifti o£ tlsu 
project. 

T^jfi injection we Us electrical haabcr* arn tsroented into ttu» 
JO formation and eennectsd to % pewer souroo an tha aarfocn. Tha 
production walls are equipped. with standard oil field punpa for 
lifting thi» produced oil to tb» axL-fam, nr** electrical inject! cm 
rato iti 3.23 x io" jttU/w&U per day. The tertt»ra±ur« of this 
i « jeetor* attains 750 *C. 'ihe production wells roach a terminal 
is temperature of 300 *C after 33-34 year* of operatlco. Production 
over this period averages 5-6 barralii/cky par wall, with the 
average number of activa producing wells bilag frcaa about 40flD to 
5000. iloat canauitptien is 1.1 x 10 6 UTO /barrel ot liquid oil 
prodnctim. 

20 Gaaecus products oolLccted fro» tha production wells nay be 

uo&l for on-«itB generation of cloctricity or otter puzpoaas. Tha 
oil-pharo petroleum tfhiefa la «o ptcdnoad is superior to con- 
ventionally retorted atato oil. Una relatiw rata af return which 
am be expected drcci tb» ample 1 situation is iliustratad by the 

?5 "Ex. 1" sitnifcLcn dsnignatiion on Pignre 1. 
EXAMPLE 2 

A series ot injection and production wells are drilled into an 
oil stale formation 2i5 m in thickness with 300 n oi overcbuxden. 
Tha average grade of tha oil stale Interval is 26 gallnna par tm 

.\0 as (ietemined by Fischer assay. 

Th» veil pattern is tlie sane saven-spot d»esrlbad is Hxansple l 
exotpt tiia upacioy in 13.5 tn ljeeaaen walls instead of 22.3 m. Total 
production is 25,000 borrala/day trouqfccut tha lite of the project. 
The injector to produoar ratio still approach** 2 to l . In tha 

15 wells, the beaters and production eg^jip«Bnt nn idmilar to those 
described in ISanple 1. 
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'Um eJectrioal injection rate is 10. S 5 x 10 5 MD/wall pgr day. 

Tfcu irsi«cti/3n well bcaporatuiBH r«ach 750 'C and the prnuuntirjn 

wells reach a final temperature of zaa "C after a production life 

of 9-10 yoitra. Production o»r this poriod averages 42-03 

barrels/day per wull, with thm average nuufcer of active prodiming 

5 

wells being about (300. Thn heat censunption i& 5,6» 10 TJTO/barrel 
of liquid oil produced. 

As in Exanpla l, gaseous products can be usad for orwiitu 
power gtaieritian or other purposes and tha liquid produce vriJJ )» 
hiqhar in quality than conventionally retorted shala oil. Tha 
relative rata of. return which can ba expected is illustrated by tha 
u !3t. 2" situation designation on Figure 1, 

Table 1 lists ccntoiAations of oil, shale graian, thicknesses 
aid grade-Chicknoes products which axe generally suitable for wm 
in the presm-i process, ftn» rvlotiva positions of such gzadu 
thicknofcs ^axxijctH with respect to tha relative rates of financial 
return are illustrated by the assignations "Prufiarriid Range" (P.R.J 
ard "EmpastaUy Preferred tonga" (B.P.R.J on Figure 1. 

Tfflie 1 

cjrarts (gallona/tap) O iidtnesg <itt> Oratta x Tfticfcnaaa 
30 30 m 
20 45 900 
10 90 900 

Mora deairahl* gratis thickness exaeplea are shown as follows: 

Grade fqailoow/tnn) ^1UCtaT048 (»? Grade x Thickness 

30 ISO 4500 

2.5 60 1500 

20 300 6000 

15 fiOO 9000 

10 225 2250 

la gnnaral, tha higher the grade thickness product tha mare 
dgwiruble. On practical application is Limited only by the ability 
to hatrt th* dmmtrmA interval. 
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Meld Tftgl; Hcaguraaant a 

Teste wars oanducteii in an cu wrapping at nn. oil. shale 
formation which is typical af auimtaiwiialiy inpuro»a}iJ.e aivi 
relatively thick oil slxaLc d»pouita . Thirteen boroboles were 
drilled to tteptha between 6 and 12 in and mv.rp arrarejed to provirla 9 
pattern of beat.-in}actinri, observation and fiuid-procluctian wells, 
with the borehole* being spaced about O.G a apart in order to 
prcvlda a relatively rapid acquuritian of data. Haat warn injector! 
at a rata of about 1000 watts par netre for five day*. After the 
heat-injection wall temperature had reached 450 *C, a tewptriitura 
faJ.i-o<;r test was run for one day. 

Figure 2 shows the vertical thernal profile* in an observation 
well, au a function oC time Thm data KM fitted to a loathsnatical. 
solution de6criiiiiig the tmparatur» distribution around a 
finite-length line mins iiisi.de' a jnadium at thacnal conductivity 
(parallel to beddluy) 3.25 mcal/au-sec-'C aix3 thaznol cnr.durtjviuy 
(poocpendlaularl 3.25 iroal/cra-iMe-'C. iVie specific lic&t capacity 
utilized in tha calculations was computed f ram the thermal 
conductivity/ tharmal diffttsivity, and avexaga bulk density of 
cores recovered during drilling of the wells. Tha tharwophysical 
propssrtiea fat: the tha oil bhala in which tha tests vaara exjn ducted 
are sumwirizfld in Table 2 . 



Figure 3 shews radial profiles confuted for Che iniddia of the 
boated 2ca» £or various heating tinaa (t) . At the end of a 
Oeqperaturt; tuild-op teat of! 140.5 tours, tha ivarsga fonration 
twiperaturo h n lw mm the heater and observation, wall mm 120 °C, 



Initial Hesorvuir TKmpevatJire 
Fischer Assay 1 
Bulk Density: 
Thermal niffueivityi 
Specific [Icat Capacity; 



9.8 "C 



20 95 lion/ ton 
3 

2. ZD 931/ cm 

6.6 x 10~ 3 an 2 /aec 

0.224 aal/gm «C 
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Figure 4 shews a cenparison of laboratory wjiuas <md field 
data ruia-tivq to the thaxnal oauiuctivity parallel tn airf 
perpendicular to the bedding plants of. the oil Simla formation, aa 
a function of trnqperatuxa. The laboratory oonductivity moasu«flTien.ta 
5 were nadc an ful^Jiiceot snnipltis of um. e s fran the obacirvatiQU well, 
using i?oroe ODnct cut parallel to and norm cut perpendicular to tltc 
bedding plana*. A ai fcrc^cn^traosphere t«n» uaed to eliminate 
oicidatian reaction,. Tha samples were constrained in the vertical 
direction but vara free to expand radially. After the 3amplos were 

10 heated to &CC *C, tha radial expansion avaragsd \.43%. As shown in 
tha ffigmw, the Laboratory values an* in excellent agreement with 
tlvi values ocnpjted from the field data. Tim tests indicate that, 
the therml o&tdtfctivity ia lewer itj tine direction perpendicular to 
tin bedding plana, because ketegen layers ham a lower ccodnctivity 

i.s than tha dolomite natri*.. At Uaipexatures below ioa "C, the thaausJ 
conductivity in aasantially isotropic, as observed In tho field 
tests. But/ that conductivity Lamj n e e increasingly' anisotropic, as 
tha iwrogen is remo v ed (at tatperaturaa between 300 and 400 *C) and 
gas begins to occupy the spaces batman tha layarn. .Above 700 *C, 

20 bath tha parallel and perpendicular conductivity <3normn*M sharply 
due to the daccupositinn of the dolanite aid evolution of oo 2 . 

When a subterranean oil shale fiaraiaticn ia hasted the oil 
a ha Lb expands as the temperature increases. Hhen the oil ahale 
tuiiyuratura reaches a kerogen pyrolyziug traparature <fcor example, 

25 frcm about 275—325 *C) additional expansion farces axe generated* 
The fcerogen is converted to fluids capable of occupying a larger 
volumo than tha karogan, and such fluids beocras increasingly 
praesurized when tiie tewperature is inertaeod. As more fluid is 
Carotid and son fluid ia heated, hydzaulically induced tra ui- u ie s 

30 form within tho oil sbalo fourertioh. 

Fractures which are bydreulioally induced within subterraoaafi 
earth f nmgf im» fore aLcng planes perpendicular to the least of 
the threw principal cnoDrawiive jUesasa (i.e., one vertical and 
two mutually perpendicular horizontal ccnpxesMve stresses) »*uch 

VI exist Within any mAttrmmasn earth taaatiaa. However, wfaare the 
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hydraulic fracturea tend to ha vertical, horiswntal fractures can 
ba foraetl by in^ting heated fluido CO that the wall* of Chi 
vertical fracturca art* Iteuted urcti] they swell shut. Then, by 
Lncree&iriq the fluid injecticn praiaaire to greaier than overburden 
pressuro, a horixontal. fracture caii be formed. Bucft processes Cor 
tJiffrmally inducing the fonrwtion of borizosital fractures by 
injecting externally haatnd and pressorized fluids ace described In 
patenta such as t)te ebo^ntatiar&S US Patent l*>, J, 284,281.;. US 
Patent No. 1,455,191 by C.S. Matthaws, P. Vamwora and C.w. Vblek, 
nod US Patent Nb. 3,613,785 by P.J. Claaaann. 

Applicants have iucw dirooverea that when, substantially 
iirrjenreahl e subterranean uil ishalea having the presently speed fied 
ccatoinatioa of grate ijnd thickness were conductivwly heateO as 
presently specified,, a tors of pamcability was developed between 
wells wit-hiii the oil ahule. Although the proeeot invantion is not 
premised an any particular mechanist, in the course of such a 
trcatjreat the heated oil shale, behaved aa though it was subjected 
to the abowa-deecribed type of prooaao for therjnally inducing the 
formation of horizontal fractures. Such, a behaviour wee not 
predictable, sinco the pr«Bnnt process is oparatad without any 
injection of wry fluid. It appaare that wfcen the p xe seu t process is 
operated within an inperneaMe oil Shale, the is situ generation 

displacement of heated and highly pressurized fluids cecum at 
the timee and to the extents needed to successively extend and 
boriscntaliy fracture through successive portions of the oil shale, 
when those portions hectare condoctxvely licatod. The zone being 
heated appears to undergo a relatively unifum, horizontal, radial 
expansion through the oil ehale, at the rate set by tho thermal 
conductivity af the oil shale, in each successive location in \tfiich 
a Xerog-n pyroly2i«g temperarture is reached, fluids appear to be 
formed, heated and pressurl&ed so tliat adiatantially any vortical 
fractures vjhich are forrand within the heated zona are subsequently 
converted to horizontal fractures. 

Applicant*' tests indicated that substantially all of th» 
fluid pyrolysia produces of the oil shale tended to rercain in ox 
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rear the Locations in which the*,' were fanned unti.) they were 
displaced, through substantially horizontal fractures, iiito veils 
adjoining tba hsot-iniecLing well*. In addition, the fractirre- 
irttiucijig pressure of fluids in the harfaontal fractures appears to 
5 liawi bean i.-ednoed as those flails expanded und wie ooclad as t*»?y 
moved sway from tha hotbast partianfl of the boated aane. 

'lira, the praaent proosis seen to indnoe the moving of a xanc 
of kerogen-pyrolyalog temperatures through tha oil shad* 
iicnedixbaly behind a zona of Jjocalized fracturing in which tin 

10 fractures are, or soon become, horizontal fractures, ite ncatltig 
and fracturing conea seen to undargs » substantially uniform, 
horiicntal, radial expansion thrcu#i tha oil shale, until tha rone 
o£ fracturing reaches a location (sash as tha borehole of a 
production wall) from vluch th» oil sl^alt fjyrulyain products are 

15 withdrawn. 

in addi ti on, applicants have discovered that. At least wham 
the owectaurdai pressure. i« eraoll, tha zona of permeability -that i» 
created bstMaen adjacent walls retains a significantly nigh degree 
of pcraeability after ths formations have oooled. ratua it appears 

20 that, oven if tha owertoordsn pxessax* is nigh, an a^licartion. of 
tha m «b«: t process la capable of forming a unll-interoannaaiixtg 
zone in which tha permeability ramina high or can ba readily 
restored by an injection of fluid after same or all of tha hast haa 
dissipated. And, the degree and location of that psrroability can 

25 be controlled by controlling tba rata of removing fluid ficcn. the 
producing walla. 

tha data obtained by meaiiurexents in field testa of tha type 
dencxiosd above war* inclusive of: the thermal conductivity of tba 
oil ehale fonratiorv, ths amount of oil recoverable by Fiachec 

jo analysis at various depths within hearted intervals of tba oil shale 
before and actor baating, the measurement of the anoant of 
oyrn lysis products recovered, and the like. While no oatunmicatioo 
oxlfcuad between beat injectors and prodocero at taat start-up, 
injectiena at the end of the teat dencnstxated that permeable 

35 channels bad fozond, Bui results of standard enginoezin? 



- la - 

calculations were ii*Jiciittvn of the applicability of a enreppt of 
the type ciscriic'd abate to tha nwulbs obtained by th« teat*, 

Fie/i?re 5 .is a graph of Fiartifir Assay yields, from tha ta ig w t 
2<3n - in th» field r/;.it ( ao a function of depth o. the heated 
interval oatonded from *. 2 to 6 solid curve shows die yields 

h«fc>re the heating tiwjrtjwmt and the. dashed curve show* the yields 
at'tei: retorting was oenpiated. IJtb yiolds bafbre and after were 
oBBEmtial2y tha .?3o» outside the heated interval. Ha mcasuroncnts 
were made cm cores frcn the centre of tha pattern before heating 
ar<i on cores about la cm away atter heating. Ttm variations which 
are apparent ill thOSS yields are within the normal limits of 
accuracy for the raajwr.tng of such values, 

Within tha heated interval the Fischer Assay yieid rJrops froo 
an average of 20 gallane/tnn- hefore the tt-st to less than 2 
gallons/tun after lieatlny. n» retorting efficiency within the 
process acne Man thus better than Ml of Fischer Assay. 

Itae pattern and extent of tiro recovery cenfinns the fact that 
little oil was lo&fc over the producing horizon through vertical 
fractures, in addition, tha uniformity in retorting efficiency 
through tha heated zene, Indicates! that thermal fronts warn 
acproxijoately uniform ever nest of the heated interval. 

His uniformity of tha thermal fronts is even mare apparent in 
Figoree H and 7. Hwy shew horizontal and vertical temperature 
profiles calculated fear a wt of vertical heatera in a five-spot 
square pattern. The aet oed in ths calculations included four heat 
injectors and one oontM prodaoar (not siic*m, but centered batween 
the boaters shown on tha figures) . Each locator uaa aasuned to be 
24 10 long and heated at the rate of H14 W/nu 

'ihe profiles La figure r> (graphs of toarxratur® variations 
with distances frcni the heatera) were calculated along a horizontal 
sojboot Ijlj vhich extends through the aid-points of haatera at 
opposite coznara of the equare. Figure 7 is a 1a<- graph of 
profiles along a vertical nwgnent 1^ on the axis of eyenetry of 
fch» pattern. 

Such calculate ona indicate that by the tine retorting 
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taipavatiunw (275-3J.5 C C) art- reached at the eaur« of the pattern, 
iioto than 87* of its volume has boon uunvertad while only eibaut U* 
of the converted voluae uas heated to more than 325 *C. Furthemore, 
the calculations i/riieabe thnfc if the pewcx ia tuoied raff or 
.5 redurMd before ths Ocirttrv reaches a taxeptt: tengcratuLV such as 

3^5 "C, the 3 evening Off Of the thermal fronts Will Still haat the 
centre o£ tha pattern to retorting temperatures and will also 
reduce the teojjerature rise at the bouti»ra, TWi^ coda n < operation 
can. ensure that leas than 10» of tha heated voluso ia hooted to 
ID mora than 325 °C, and thus cad iacreaee tha thermal efflcicaxy of 
tl« prccasa. 

In view of tha above teat rmal.ts and the oalcaiationii baned 
on those resolta, it appear* ttart, < xi otj : a to the prior teaching* 
and bullet*, tha initial iitt«atsahility of an oil shale deposit un 

15 ba utilized as an advantage. The initial impermeability confinse 
the fluids and fracture* withifi the wsll pattern, einca no 
parneabilicy exists until tha zona between the heat-Injecting and 
flai d -pBoduciay vmlls fcwecne penraafced by a pattern of heat-inducod 
hnrlsmral foctiwm. 

20 In tha press*, pacoceesj, the rate at which haat is transmtted 

into the oil shilo deposit is strongly affected by the tercporarturo 
gradient hetwaen a h&at-ijvjecting well and the surrounding earth 
fornufcion. In a prr-fnrred. procedure, tha detaratinartianu of 
variations t?ith dot>th in tha ccmpoaitian and properties of the oil 

25 shale deposit include a dotormlnation of tha pattern of heat 

conductivity with depth within the earth ramaticna adjacent to the 
heat-injecting veil. Baaed on such tetsoiinatiaaa the tesperaturee 
to which at laaat one baat-inj acting well is heated are arranged to 
ba relatively high at the depths at which the heat conductivities 

30 of tha adjacent earth fbxoaticRS arc relatively low. Thi« tends to 
ceruse the rota at which heat ia transnlttcd through the earth 
tarnations to be subatawrt-1.il 1y tmifbxn along the axis of tha 
heat-injecting veil. Known nr ooa dm , ¥ » can be utilized in order to 
provide higher twperatnres In portions of heat injecting wslls 

JS adiaoent to enrtfi forrations of relatively low heat conductivity. 
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For example, in walls vhich are being hasted by electrical 
rstietancn, additional resistant elenents can be poultic-nan at 
the location at which extra heating is required, preierably vita 
precautions being taken to avoid the creation of "run-away hot- 
spots" due to increasing taitperatare further increasing the 
resistance and tbua further increasing y»« heating, tor example, 
aa described in the commonly assigned! Canadian u a tent application 
Serial No. 498,854 filed November 21, 1985, by P. VanHeura and 
C.F. Van Esmond. In wo lis bains heated by combustion, more, or 
larger, or mora heavily Cirad, burner elesmnts can ba positioned, 
in ouch location*. 

Suitable determinations of competitions and prop«rtiea 
of tha mineral* and/or organic components of an oil shale deposit 
and tha variations with dapth In such, properties can ba made by 
insane oC known vail logging, reservoir sampling, and tha ltx.a 
analytical procedures, Tho determinations can utilise pravioualy 
measured geophysical or geochenical data or laboratory or cora 
analyass, etc. For example, tho variations with dapth in the heat 
conductivity of tba adjacent formations can be determined by 
calculation* based on tha kinds and amounts of materials present. 
And/or by thermal conductivity looking meaeurenents, a to. 08 
Patent Bo, 3,807,227 deacxibaa a logging tool containing a 
constant, output heat source aod three temperature sensors for 
obtaining a log of relative thermal conductivity with dapth. US 
Patent Ho. 3,892,124 describes lo«;aiog cased or open borehole* {or 
tenparature, specific beat and the real conductivity, employing a 
constant output heat source and three tamparature sensors, us 
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Patant So. 3,8S4,ae» de«ctiJ3«a a logger ior making station 
naaaurementa 01? thermal conductivity by heating a formation c$ r « 
tima than uaaaurino; tt»« rate at which th« temperature dacaya back 
to tna ambient taaparature. US Patent Ho. 3,m,lS7 doeeribea 
loaning thertal conductivity of a cased wall by measuring tha 
temperature ot the casing wall before and after passing a haatad 
pcobe along tha wall. 

Am indicated above, oven with respect to a rive- spot 
pattern in which a aiogJa fluid- producing uall is surrounded by 
four neat-injecting valla, autoatantially all o£ the intervening 
oil 
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shale cai b: both retorted arid aaelu pmanaabla. However, tha present 
invention is preferably coploycd in a *uri«s of cisitigtiris saroen- 
<7T thirtecn-spot patterns — in either ol which pattm-rw 
(particularly in ttte thii-teaY-spoc pattern) the retorting rata in 
significantly irtorensad by having each t J Uid-piOrtucLng well 
surrounded by six or twelve heat- injecting wills. 

'l"hs wells used in the present ^ircoetii cin >*s oirp it-tad by 
BubBtaotially any matted for <Srimr.g a borehole into and/or 
opening J pxm-uaatimi borehole into fluid corammicatioo with the 
subterranean oil shalti lonmtion to be u*«d usioU shale 
treatment interval, m addition t» liavlng the sp»cifiad abasia* of 
significant amounts, of jmbdla water, fchJdmess, and grade, of oil 
shale, tine ifrharval to which the piwert process is applied should 
be capable of canfinijtg fluid at least nubataotially within the 
treatment interval, at least in respuct to allowing no significant 
leakage into over lying locations when the prosaira of tha fluid 
reaches process pressure, and fractures the fonratioa within the 
treatment intarvai. The borehole* of vmlln cnnplebed tor use in the 
preson* process should be substantially pai-allal ami aspirated by 
snbntantia31y equal distances of at least about 6 m. QoreJiole 
esporatiun distanoas becMien injectors and prcducsrs of frcn about 
9 to 30 m are particularly suitable. Boreholes free o£ deviationa 
from parallel, which cause variations of ror» than about 20 per cent 
of tho well difttaooca &x* particularly suitable. 

m the heat-in jecfcjng wells used in the present process, the 
cement or ouuant-UXo mfcerial which is used to seal along tho faca 
of the oil stele forwiticn ia preferably relatively heat.-condnctive 
and substantially f J uid-inpanneabla , Particularly preferred cenwnts 
nra fitablu at taaparatnres of at laaat about 800 °C, have a 
relatively high therm 1 conductivities, relatively low peraaability, 
little or no shrinkage, an adequate ease of palpability aiv3 good 
cbrsdeal resistance, etc. The pearwahiHty and disposition of the 
3ealing material should provide a seal capable of preventing any 
significant aeount of fluid flat batsmen the interior of the 
tcmjhold and tha faca of the oil shale fornHtion, so that tha 
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u-an»f«r of Ileal from tJvc wail to the fonnaticn is subetanrially 
entire.l y >y/ ncx-tfuction. MhtEC portions of the liuat-injacfcixiq wall 
borehole are effective J y increased in disaster near upper and lowei 
extremities of tlm tre a t m e n t interval, for exanple, l)y undcr- 
S reawing, the dlatutars of th» increaeed portions arr prefer ably at 
least atom 110% of the noninal tcrehndH diameter. Calcium 
aluariiwiB-bcnded concretes and/or ca ma nta oontnining alunua- 
siliuate aggx-cgatea (or fine parLicJ.es) are particu L«rly suitablo 
Cor uss as such £onurticin face-sealing rerterisQ?, fxxnpJuv of 
10 suitable canent3 And concretea include thatm dencribed in IB 
patents such as 3,375,2S2i 3,507,332 and 3,595,642. 

Figure a shew* a portion of a hcat-lnjccting well borehole, 
Ixircholo 1, which ia suitaMe for use in the present invention and 
is located within a troanne* interval oi subterranean ail shale 

IS deposit. Hctxetolc 1 ocntaina wilargwd p-jtrtiens, mch as pa r t i c n e 2 
and 3, whit* can be fonted by conventional procedures such as 
undorroaaiivj daring drilling/ etc, A. casing 4 is shewn positioned 
within -die borehole and umentud into plaaa with a fluid- 
iirpermsablo, lvsat-ccn£kietiv« material, eoch a* oeaentu 

20 within each enlarged barelnle portion, tho casing 4 is 

equipped with at least one heat-conductive metei eleraeot , such as 
collar 6, containing radially extensive elements or parti wa, such 
as flexible metal tneateers 7. soch ncat-oonduetivo mstcrials torn 
relatively highly conductive paths finr conducting heat frcro within 

25 the. interior of a borehole to substantially the wa.il of an enlarged 
portion of the barebole. rxanple* of suitable heat-oonductive mstal 
elements include natal well acratchere, turbulence inducers r 
oentralinxs and the like sucn as a Haranar-iek Tu rhc fa nnde r, or 
BoltLck Turbobondar, available free* Baker line division of Baker Oil 

JO 'fools ox a 101 Bar S centralLsur available fro* Antelope Oil Tool 
aivi Manufacturing Coaprtny, etc. 

with an arangerent of the type shown in figure B, at least to 
acute tiBCtuot, the front of heat traneadtted away frcm a heet- 
iujectiod well con be Btoue rem isi&ca along a vertical line 

J5 traversing, a layer of relatively low hoot conductivity without tba 
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nec*M±ty of maintaining a hiflhur tsnperature in the portion of the 
well adjacent, to that layer. Khan a unLfooo tusputsitura Ha 
maintained within the interior of the borehole, the earth formation 
face aloe*} such an enlarged portion of the borehole bcoeuiss boated 
to substantially tho amu tm^wratara as th« fo>KsK.i.oa ttvcxs alossj 
narroner portiaia of tist borehole. Sine* ttw face of the forsnatioa 
ertjai nitig the borehole is boa-bad to tha highest tempera tare of any 
portion in tha farnaUon, (.h- teopexaburc graiumt extandijij 
radially away iron the enlarged paction of the bora-bole in ahiftad 
radially away fror* tint borehole. 

Tn general, the heating of tha irttnrior of tha heat-in j*»cting 
well con ba accceplished by substantially any typa of baatino 
device, such as cattouaticn and/or electrical type of heating 
dements, or tha lika. Tha bant.ing element should extend 
substantially throughout t±i2 treatment interval (preferably 
tiirtxnjhout at 3fvwt afccit 80 per cent, of that interval) . Steam a 
ca*ustion type banting element is used, a gas-fired heater ia 
prof erred. iha fbel and oxidants fiar a ccntjuatian haater (such as 
methane and oxygen) am praierably supplied tt u uu h separate 
conduits leading through a heat exchanger in i*hioh tha i 
fluids are heated by the oufcflcwuuj contoustion products, do burner 
licosirag and £luid conduits of a cxnbustion hmtet are preferably 
installed within a wall conduit vfcich is surrounded by an annular 
apace that ia filled by the cewent for sealing the face of tha oil 
sMla. Generally suitable type* at oenbustion heaters which could 
be arranged for use in the oresestt process are rteecrihirt in (is 
Patents such aa 2,670, B02r 2,780,430 and 2,902,270. 

An electrical resistance hooter is particularly suitable for 
beating tha interior of « hart-injecting well in tba present 
process. A plurality of rcsistanoe olaaents are preferably rand. 
The nraiatancei elenenta cm be ncunted within or external to an 
internal conduit or cod, or siaply extended into the boroholc When 
tun reuiatanoee are axbsmal to, or are free of a supporting 
■levant, such as a conduit or rod, they are preferably entaedded in 
the cement which seals the face of tha oil thai* along the 
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trciitnaint interval. Generally suitable types of ulec±rLattl httstara 
which CCUld b« lrrnnrTwd fiar una jn Lh» present pPTCW rfr ore 
daecr].he<3 in us Patents SUCto ox 2,472,445f 2,404,063} 2,670,802? 
2,732,195 and 3,954,826. 

In various reservoir situations, portions of mi <n_L Hholn 
depoiut which wuld, in g-i-WT.al, be suitable, for utt ax a trwatraot 
interval , as cfafeeribu-1 in cm* parent ■appli c&tico, nay bo p£>rmebted 
by naLural fractures and/or ularet- of weakness. Ouch relatively 
weak- rrcXs may xairicrgo relatively long oxtun-iicriB of vertical 
fractura* when pressurized fluids being diaplaoaJ away faxn an 
iivjectica vail niov«* into ttma. This uwy result in extending fluid 
pasaaqenKr/z Jxyand tlio openings into petxluctian wuU* -«xVor lntx> 
adjacent aquifers osfaMe of causing an inflow of tcatur to an 
extant detrimental to the oil rooovory process. 

we. liavo ram diHuoveced that aa* prwttture fracture ex 1-er elans 
cm be acvoidod by drilling and huartuv- "guard walla 11 within suet) 
ruiativnlj- v-rak oil siialo zones in locations surrounding a pattern 
of hect injecting and fluid producing wells and/or in locations 
iiitcrraittent bate-aa-a a heat injecting or fluid producing well and 
an adjacent aquifer, such guard wells ax» usad for oanductively 
heating die adjoining fonnatiotja substantially tJanoa^haut th* oil 
-OiaXe interval tr> be treated t» a tcacperature which is too lov to 
gasify significant proportion* of the oil shale organic cxaportenta 
but is hi gin enough to oaus* a fdgnificant tharaal exparaiian of tha 
iTock». Mien tho#w rocks are heated the natural fractures ar» kayt 
closed and ths fracturing oauaed by tha approaching pressurized 
fluids (displaced away from Jieat-in^acting walls) tends to bs 
limited to horizontal fractoxea oonsaixtxatEd along tha aid&i nearest 
fan tha haat-iiriecfcing wells, wbero fluid producing veil* are 
located sobstzmtuilly between tba hsat- injecting mils and ths 
guard wells, the fractures arc prafurentially uxteedvd Into than 
wells, wtwrc the high fluid prousures axe quickly raduood by tha 
production of tha inflowing fluid. 

Ttm encenmtaring of such relatively weak reservoir rocks is 
apt to be indicated by an inflow of water into well* dril JaS into 
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such rocks, m gsnaral, tha natural fracture urraatintf a relative 
weakness* and/or witor inI2ow can be theriMlly clo&xi by a 
rwlativaJy mild haaxiwj, an. Icog a» tho fracture porosity is oot 
mote than aiojt S par cunt. 
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L . In a prooooc in ufrileh oil is produced frrxa a suhterrar.oan oil 
<>Jtals deposit by extending at iuaat one each of heat-iujecting and 
f luid-pmrtirirq mo13» into the deposit, establishing a hsat- 
conductlva fluidViispeOTBablB barrier between tin interior of each 
heat-infecting wall uiul the odjaosnt deposit, and than h*a.td rxj clw» 
interior of each hettt-ixvjecting wall at a tasperatoni sufficient to 
uoxtductiviely hsat oil shale terogen and onus pyrolysis products to 
form fractures within the oil shale <3eposit tfirouc^i which the 
pyrolysis products aro displaced into at least ass production well, 
an iroprovMMfit Cor fifthanclno;- tn» uniformity of tha haat fronta 
nsovin^ through the oil sJiale deposit, vdhich ocmpriscfli 

determining variations villi depch in tha ccapoflitiori and 
properties of tha oil shala deposit; 
completing said haat-lnjecfclrvg and fluid-prodocing wall* 
selectively Into a treatment iatarval of oil shale in which 
tha oil shale deposit (a) Is at least about 30 m thick, (b) is 
substantially xnparaaabia and -free of rob tie vater , (c> has a 
ocopoaifcioo and thiduva»* such that the product of the average 
FiHchar Away grade times the thickness of the treatment 
interval is at least about 900. and W> thereby contains 
cenpeuents capable of intaracting in a nannar enhancing tha 
uniformity of a front of oondaotiwaly tranaaittcd hoot, with 
said well* bain? arranged bo that, at least substantially 
chrco5h3«t said treatment interval, the wall bore h oles are 
substantially parallel and arm saparatsd by mini ini t iall y 
equal distances of at least about 6- nu and 
within tha inbsricx of oach heat-injecting wall nsontaining an 
af/Btatjm bntp*rotux« which, selectively along Raid traaLusaiL 
intrsrval, is at least about 600 *C, hot is not high enough to 
theriBlly forage fn y t l i mi "** within the well, unite teat is 
being transmitted awiy froai the veil at a rate nob signi- 
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f leant: Ly f&star than that permitted by the thanral con- 
ductivities of the earth ftirimttiana adjauKfit to the haotad 
interval vrithjn the, we 1.1. 

2. Tha proceax of (rl.iim ] in wtiich, to the extent required to 
S Icaop tile rat* ut wMch heat is trananitt*3 threnqh the Oil Shale 

deposit substantially uulioou along tbu axes erf the hooted interval 
of the heaoinjacting veil, the taaperatuia at veiicb at 
leant om heat-injecting well is heatad is relatively higher At 
depth* adjacent to parti ona of Ihs oil shale deposxt in vihlch the 
ID beet contiuctivitiee are relatively lower, 

3. 'She p roc e s s of claiit 1 in which tha rata of hunting the 
interior of At least one heat- injecting wall is varied to an lattoat 
causing an effective levelling off of die fchsainal front so Khac fcha 
rata of advance through tha oil shale of tna tharnal front in 

(5 continued at substantially tha suae rata while tha cats of Increase 
exf th« teapsratura within ths l»ndiolo is significantly rodnoed. 

4. Tbu ptoses* of clain 1 in which the heat-injestino; and 
fluid-producing walls ara arranged in a aarlaa of contiguous 
patterns io which each fl aid-producing wall is aurrojaded by at 

20 least lour haai- injecting wells. 

3. Tha prooaaa of claim a in vrtu<* each fluiarproctdcing wall i9 
aorrouodad by fcwalvw lieafc- in jesting *ella. 

6. Vim process off claim 1 in vAiich ths oil thalc orado is at 
least about 20 gallons par ten and ths gxade-thictaess product is 

Z3 At leaat about 4500, 

7. She process o£ claim 1, ecttg>rl*lag the atopa of 

in each heat-injeetino «elJ , aufc>5tantialJ.y ttsxaobsat the 
treatment interval, sealing the face of tha oil shale ionartion 
wtn a solid xHKtaxial union ia relatively heat-oondoctive and 
yj substantially fluid ixcaxnaablw 

in at loast ens heat- injecting veil incroasiQg tha effective 
dimeter of tha booahola in at leaat com portion of tha treatment 
interval and ■«""' «'-^ at least cam h e at -o ae idpctive ratal alaaaot 
£rcn within tba Interior of the borehole to near the face of the 
33 so-cnlaeged portico of the borehole,- And 

in each lluld-produolng wall, sobstantially throughout the 
trratnent Interval, ectabliaMng fluid esatajreicatton taatvien the 
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we 5.1 bore and the oil shale farnatioo. and arranging the wel L for 
prraliicjnq f.ini.d from ihe oil shale forracion. 

a . The process of clai» 7 in «tiic* tha mrtariai snnling the &a 
of the* oil shale f arrant- inn alone ths borehole oi a tjsart-in jwctlug 
well L3 a ceaneut axrangaa to fill substantially all o£ the space 
bslwwi the cutontttfet 4»tallicr wlacsmtu vltiilti tho interior of tho 
borehole and tha fao» of the oil shale formst-icri, veLOv aa:vd cement 
having a thtuanal acjndur^j.vity at J mot Buhwtnnt.iaJly aa high as 
that of tho oil tihalo fomatioo. 

9. 'Chs process of claim 1 In u$U.ch At least, era well located near 
an edge of a pattern o£ heat-injecting anS fluid-pro^uci.ng walla is 
exteft&d silbstantially tiirojghuut the txaotasnt interval And tooted 
at a terrperatura Yxigh «rouyh to couea a tbsnnal «5<t>iinLlir.g andVor 
ccrvprcsolvc stressing of the adjaojrtt earth Carnations but lew 
enough to avoid significant thexnol irobiliJation at orrjsnic 
octrpunants of tbu oil ahalii. 

10 . the process of claln 9 in uhicb at least oca so heated veil is 
subsequently boated at about the tcasxaature selected for the 
fieating of the heat-injecting wells being employed. 

11. The process of claim 1 in which the wall bor eh o l e s of said 
haat-irijaLtioa and fluid producing wblla are separated by 
substantially equal distances of about $ to 30 m. 
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CCNDtXHtCVHlS HHOTTH3 A SaaiHBBAHBMJ CUT, SHALE TO 

own pBUHBABiwrr m,WH<i.wwwy tfceccs oil 



shale oil is sub se qu e ntly pKoOuood beau a avbtecrancsn 
interval of oil shals, vdwre die intarval Is initially 
substantially impaxraabl* and oontajjts a spadcied grade and. 
-thickness of oil ahsla. Said interval ia ccnctactto»ly heatad from 
batehulti int&riaxa which are ftapt hotter than about (00 *c and are 
heated at a rate such that Vterogsn pyrolysls products framed within 
t;h& oil 8fola craata and tla* through horizrntal CracturaB which 
subsequently beocno corto&dsd Into fluld-pccajciDg wolls that axe 
positioned la spacittad Location*. 



